A new sulfated triterpeniod saponin, 3-O-sulfooleanolic acid 28-O-[β-glucopyranosyl-(1→3)]-[β-glucopyranosyl-(1→6)]-β-glucopyranosyl ester (1), along with three known Δ 7 -sterols: stigmast-7-en-3β-ol (2), stigmast-7-en-3-O-β-D-glucopyranoside (3) and stigmast-7-en-3-on (4) were isolated from the roots of Gypsophila trichotoma Wend. (Caryophyllaceae). Their structures were elucidated by chemical and spectral methods. Compound 1 caused concentrationdependent inhibition of malignant cell proliferation against different human tumor cell lines.
The HRMS of 1 ((-)-ESI) showed a quasi-molecular ion peak [M-H]¯ at m/z 1021.4691 (calcd. 1021.4756) corresponding to a molecular formula C 48 H 78 O 21 S. Other significant fragment ion peaks were observed at m/z 859.4127 [(M-H)-162]¯, arising from the loss of a hexosyl moiety and 535.3086 [(M-H)-162-162-162] , indicating the loss of three hexosyl units. Another fragment peak at m/z 965.5060 [(M+Na)-80] + revealed the elimination of a sulfo unit. The structure of compound 1 was elucidated by NMR analysis (Table 1) using data from COSY, HMBC ( Figure 1b ) and HSQC spectra. The 1 H NMR spectrum of 1 exhibited seven singlets at δ 0.84, 0.86, 0.87, 0.97, 1.03, 1.17 and 1.33, signals for an olefinic proton at δ 5.38, one-proton double doublet at δ 3.13 (dd, J = 13.8, 4.2 Hz) and one oxymethine proton resonance at δ 4.50 (dd, J = 11.7, 2.6 Hz). Next, inspection of the 13 C NMR spectrum revealed an olefinic methine carbon resonance at δ 123.0 (C-12), whereas seven quaternary carbon resonances at δ 143. 8, 46.7, 42.0, 39.5, 55.9, 37.2 and 30.4 ppm could be assigned to C-13, C-17, C-14, C-8, C-4, C-10 and C-20, respectively. In addition, significant HMBC correlations were observed for two tertiary methyl signals at δ 1.17 (H 3 -27) and 1.03 (H 3 -26) with the quaternary C-14 (δ C = 42.0) and for δ 1.17 (H 3 -27) with the olefinic C-13 (δ C = 143.8) [4a] . These data showed that 1 is an olean-12-ene triterpene. The linkage of the O-sulfo unit at C-3 was established through long-range HMBC correlations with H 3 -24 (δ = 0.97) and H 3 -23 (δ = 1.33), and couplings between C-5 (δ = 55.9) and H 3 -25 (δ = 0.87), as well as H 3 -23 and H 3 -24. Therefore, the aglycone was determined to be oleanolic acid with a sulfo group, linked at C-3 [2c,4a]. The chemical shifts of C-3 (δ 84.5) and C-28 (δ 175.9) indicated that 1 was a monodesmosidic glycoside in which the sugar moiety was attached at C-28. The data of HMBC, HSQC and COSY experiments clearly revealed the presence of three glucose moieties. The anomeric proton signals at δ 6.16 (d, J = 7.8 Hz, H-1′), δ 5.24 (d, J = 7.8 Hz, H-2′) and δ 4.98 (d, J = 7.8 Hz, H-3′) revealed the β-configuration of the glucose units. The sequence of the sugar residues was determined from the following HMBC correlations: C-28 (δ 175.9/H-1′), C-3′ (δ 87.9/H-1′′), C-1′′/H-3′ (δ 4.2), C-1′′′/H 2 -6′ (δ 4.57, 4.24), and C-6′ (δ 68.5)/ H-1′′′. These data are in good agreement with those reported for a saponin with the same sugar chain, but attached to a different aglycone isolated from Sinocrassula asclepiadea [4b]. On the basis of these results, compound 1 was identified as 3-O-sulfooleanolic acid 28-
Compound 1 showed dose dependent cytotoxic activity against all human tumor cell lines, with the exception of K-562 cells and HL-60/Dox sub-cell line. With regard to the estimated IC 50 values from the dose-effect curves the eosinophilic leukemia cell line EOL-1 remains the most sensitive one ( gel 60 (40-63 µm, using an over-pressure of 0.8-1.0 bar, Merck) TLC, precoated silica gel 60 F 254 using CHCl 3 -MeOH (9:1), n-BuOH-AcOH-H 2 O (4:1:1), EtOH-NH 3 -H 2 O (80:4:16) and EtOAc-MeOH-AcOH-H 2 O (12:3:3:2).
Plant material:
The roots of G. trichotoma were collected in August 2008 at the Black Sea coast, Bulgaria. The plant was identified by Assoc. Prof. D. Pavlova. A voucher specimen (SO 103887) was deposited at the Herbarium of the Sofia University.
Extraction and isolation:
Air-dried powdered roots of G. trichotoma (744 g) were exhaustively extracted with 80% methanol (24 x 1 L). After partial evaporation, the aqueous layer was extracted with CH 2 Cl 2 and n-BuOH, successively. The n-BuOH extract (40 g) was subjected to Diaion HP20 CC using a gradient of increasing polarity of H 2 O-MeOH (100:0-0:100) to afford 4 fractions (I-IV), rich in saponins. Fraction I (50% MeOH) was further fractionated by CC over silica gel (CH 2 Cl 2 -MeOH-H 2 O, 18:11:1) and purified by HPLC over RP18 using MeOH-0.03% TFA (50:50 → 100:0) to yield compound 1 (10 mg). The CH 2 Cl 2 extract (6 g) was separated using flash CC over silica gel using CHCl 3 -MeOH (9:1 and 8:2) to give 2 fractions. Fraction 1 yielded compound 3 (54 mg). Fraction 2 was purified by flash CC over silica gel eluting with CHCl 3 , CHCl 3 -MeOH (9:1 and 8:2) and yielded compounds 2 (10 mg) and 4 (10 mg). (1 Acid hydrolysis: Compound 1 (1 mg) was refluxed with 7% methanolic HCl (5 mL) for 3 h. The MeOH was evaporated, the mixture diluted with H 2 O, and the hydrolyzate partitioned between EtOAc and H 2 O. The aqueous layer was neutralized with Ag 2 CO 3 , filtered, evaporated and tested for carbohydrates by co-TLC. Compound 1 gave only one spot corresponding to D-glucose.
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MTT dye reduction assay:
The cytotoxic activity of compound 1 was assessed, after 48 h, using the MTT-dye reduction assay [4c], with minor modifications [4d], in a panel of human tumor cell lines (SKW-3, HL-60, HL-60-DOX, K-562, NB-4, EOL-1, CAL-29, RPMI-8226, U-266).
